Jatropha curcas (physic nut) is a drought-resistant multipurpose shrub or a small tree belonging to the Family Euphorbiaceae. Jatropha seed oil concentrations of 5%, 10%, 15% and 20% were tested for biological activity against the third nymphal instar of the desert locust, S. gregaria. All tested concentrations caused significant (p< 0.05) mortality in the experimental insects ranged from 22.4% to 59.2% after 7 days of application. The LD 50 values for treated nymphs at 48, 72, and 96 hrs. were 3.12%, 6.57% and 9.85% respectively. Oil concentration of 10% has resulted in a delay of the development time from the 5 th to 6 th nymphal instar by 5 days, where treated nymphs had completed development in 16.50 days compared with only 11.33 days in the untreated control group and 12.00 days in the group treated with hexane. The same concentration (10%) also significantly reduced the per cent of egg hatch. The concentration of 5% caused a significant, 50% more, antifeedant effect on the treated nymphs as compared to the untreated control group.
INTRODUCTION
The desert locust Schistocerca gregaria (Forskal) has been a most serious crop pest in many countries of Africa and Asia (Steedman, 1990; Ceccato et al., 2007) . During the 2003-200 desert locust campaigns and throughout the last invasion areas, control teams applied some 13 million liters of mainly organophosphorus pesticides to roughly 13 million ha of land (Lecoq, 2010) . Current locust control operations are mainly based on organophosphorus pesticides as a result of the banning of organochlorine and especially dieldrin (Lecoq, 2001) . Rembold (1994) adverted to the rapidly increasing insect tolerance against any type of neurotoxic insecticide, and all insecticides given their wide spectrum of action undoubtedly had substantial sideeffects on the non-target fauna (Müller, 1988) . A preventive control strategy for locusts was developed as of 1960s and was recommended by FAO and applied by national and regional locust control units (FAO, 1968) . The strategy requires monitoring ecological conditions and locust populations in outbreaks areas and conducting preventive treatments against the first gregarious locusts. Due to the regular application of this strategy, the frequency and duration of desert locust invasion were reduced since 1960s (Lecoq, et al., 1997) . Peveling, et al. (1994) showed that, there was no evidence of serious side-effects of these alternative control agents on epigeal arthropods when compared with conventional insecticides. Mycopesticides, particularly Metarhizium anisopliae is the best solution to replace synthetic insecticides (Prior, 1992) . This product acts slowly and is thus inappropriate for emergency situations. However, they should have a role in an integrated control strategy alongside classic insecticides (Lomeret al., 2001) . It is now available on the locust control market and part of FAO (1999) list of products recommended for locust control. Other potential alternative is the pheromone phenylacetonitrile (PAN) which inhibits pheromonal communication among gregarious hoppers and induces stresses that lead to high mortality (Hassanali and Bashir, 1999) . Various researches on the effect of botanical biopesticides including neem on desert locust have been or are being carried out as alternatives to the currently used harmful pesticides (Krall and Wilps, 1994) . These botanicals are still at the experimental stage as far as locust control is concerned and large scale production is problematic and difficulties with the registration of variable products will limit adoption (Meinzingen and Kooyman 1997) . The use of such products may be aimed at protecting crops locally (Lecoq 2001) .
The Jatropha curcas (physic nut) is a droughtresistant multipurpose shrub or a small tree belonging to the Family Euphorbiaceae;it is a native of tropical America, but now thrives in many parts of the tropics and sub-tropics in Africa, Asia and southern America (Gübitzet al., 1999) . The extracts of Jatropha showed nematicidal, fungicidal (Sharma and Trivedi 2002), antifeedant (Meshramet al. 1996) , molluscicidal (Liu et al., 1997) , and abortifacient activities (Goonasekaraet al., 1995) against white flies (B. tabaci), and exhibited insecticidal activities against moths, butterflies, aphids, bugs, beetles, flies, and cockroaches . Toxicity of J. curcas seeds is attributed to several components, including saponins, lectins (curcin), phytates, protease inhibitors, curcalonic acid and phorbol esters (Makkaret al., 1997) .
The main objective of the present study was to evaluate the insecticidal and antifeedant efficacy of Jatropha oil against the desert locust Schistocerca gregaria, a phytophagous insect with great economic importance.
MATERIALS AND METHODS
Oil extraction: Fresh Jatropha curcas seeds were collected from EL.damazein rain-fed areas in the Blue Nile State, Sudan, where the plant is grown in large scale for the production of biofuel. The seeds were then cleaned, de-shelled and subsequently the kernels and hulls were separated manually. The kernels were dried, grounded to fine powder, and stored in glass vials until used.
To obtain the Jatropha oil, the powder (prepared as above) was defatted in a soxhlet apparatus using hexane 95% (boiling point 65-70 • C). The hexane was removed using rotary evaporator apparatus at 80 o C. Extracted seed oil was transferred to a sample glass bottle and stored in the refrigerator for subsequent application.
Dilutions assayed: Jatropha oil was dissolved with hexane to obtain 5, 10, 15and 20% dilutions which were used for the bioassay test.Two groups of insects were used as control, one was sprayed with hexane only and the other was left untreated. fitted with wire mesh and a movable window made of cloth, to facilitate cleaning and feeding, was used for the purpose. The cages stood on poles one meter from the ground, 24 cups (10 cm x12cm) filled with moist soil were fitted in each cage for egg-laying. Locusts were fed on food plants such as Pennisetum typhoidium and Heliotropium spp in addition to wheat bran. The hatching nymphs were removed from the cups (10 cm x12 cm) to cages (1 m x 1 m x 0.7 m) fitted with cloth and wire mesh and supplied with food. The 3rd instar nymphs were used in all the trials. Some of nymphs were transferred into large cages (4 m x 2 m x 2 m) made from steel and wire mesh where they were kept for breeding and continuity of the colony.
Mortality and development duration of treated nymphs:
For the bioassay, 180 third instar nymphs were divided into 6 groups (30 individuals each) and assigned for the six treatments as described above. The different concentrations were sprayed on the nymphs using a micron sprayer with the trade mark ULVA +. This ultra-low volume sprayer is designed primarily for the foliar application of insecticides and also for control of migrant pests like locusts and grasshoppers.The treated nymphs were allowed to dry for 2 minutes before being transferred into the experimental cages. Each cage measured 25 cm x 25 cm x 25 cm, with 4 faces covered with a wire mesh. One face was covered with cloth sleeve made in the form of a tube to facilitate cleaning, feeding and handling of treated insects. The bottom of the cage was covered by plywood. The number of dead insects was counted and surviving ones were carefully observed to determine the duration of development. Cast skins were used to determine the instars.
Antifeedant activity:
The antifeedant effects of 10% Jatropha seeds oil against the third instar nymphs of S. gregaria were studied by mixing the Jatropha extract with 250 g of wheat bran. A 10% neem seed oil extract was included in the experiment for comparison. There were three replications and ten third instar nymphs were released in each replicate in an experimental cage. The wheat bran was provided to the nymphs in a Petri dish. Two sets of control were used, untreated wheat bran and bran mixed with hexane only. The unconsumed bran portions left in the dish were weighted at day 3 and day 6 after treatment and the amount of consumed food was estimated. The antifeedant index was calculated by the formula as adopted by Abivardi and Benz (1984) .
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Where:
C= Consumed wheat bran in control T= Consumed wheat bran in treatment Effect on egg hatchability: To study the effect of Jatropha oil on eggs produced by adult locusts treated in the third nymphal instars, 60 nymphs were used for the experiment. The insects were divided into two groups, 30 each. The first group was sprayed with Jatropha oil as described above, while the second group was left as control. Each group was introduced in a separate rearing cage and fed ad libitum upon seedlings of millet, Heliotropium spp., and wheat bran. The treated nymphs were followed until they reached the adult stage, where they were transferred to egg laying cage fitted with egg laying cups. The egg pods laid by each group were carefully observed for hatching and the per cent hatchability was calculated.
Statistical analysis:
Treatments were arranged in a complete randomized design. Each treatment was replicated four times. Transformation of data was done using Arc Sine. Data were subjected to analysis of variance (ANOVA) and the means were separated using the least significant difference (LSD). The
Probit analysis was carried out to calculate regression equation (Finney, 1971) , LT 50, Lower fiducial limit, upper fiducial limit, time responses and Chi Square.
RESULTS
The biological activity of Jatropha oil on the 3rd nymphal instars of S. gregaria is shown in Fig.1 . No significant mortality among nymphs could be observed after application among all treatments and control in the 2nd and 3rd day. However, from 4th to 7th day there was a significant difference between the different concentrations and control. As per statistical analysis, 20% oil treatment caused a significant percent mortality more than those of 5%, 10% and 15%. However, therewas no significant different between 10% and 15% after 7 days of exposure. These results indicated that 20% concentration level, gave the highest mortality (59.2%) of the nymphs indicating that the efficacy of Jatropha oil against S. gregariais dose-dependent. Table1 and Fig 2 display LT10: lethal dose that kills 10% of the exposed nymphs LT50: lethal dose that kills 50% of the exposed nymphs LT90: lethal dose that kills 90% of the exposed nymphs df: degrees of freedom The LD 50 value was 6.57% as compared with LD 50 of 9.85% achieved 96 hrs. after treatment.
Oil concentration of 10% has resulted in a delay of the development time from the 5 th to 6 th nymphal instar by 5days, where treated nymphs had completed development in 16.50 days compared with only 11.33 days in the untreated control group and 12.00 days in the group treated with hexane ( Table  4) . The same concentration also significantly reduced the per cent of egg hatch. Treated eggs showed hatchability per cent of 12.55%, 5.5% and 0.10% on the first, second and third days after treatment respectively (Table 5) . The lowest oil concentration tested (5%) caused a significant, 50% more, antifeedant effect on the treated nymphs as compared to the untreated control group. The percentage antifeedance of Jatropha oil was 72.64% and 78.92% at the day 3 and 6 after treatment respectively. The increase in antifeedant index with time indicated a long lasting effect of Jatropha oil (Table 6) . LT10: lethal dose that kills 10% of the exposed nymphs LT50: lethal dose that kills 50% of the exposed nymphs LT90: lethal dose that kills 90% of the exposed nymphs df: degrees of freedom The means followed by the same letter in the same column are not significantly different at (P=0.05) according to LSD. LSD = Least significant difference. SE ± = Standard Error 
DISCUSSION
Jatropha oil has shown insecticidal and antifeedant efficacy against a wide range of insects, sometimes the effect was comparable with synthetic insecticides. It was used to control maize weevil, Sitophilus zeamais in the field (Ohazurikeet al., 2003) , Podagrica spp. On okra (Emosairue and Uguru, 1999) , Spodoptera litura (Phowichit, et al., 2008) (Makharet al., 2007) , Helicoverpa zea ( Aiyelaagbe and Gloer, 2008) . The Jatropha oil also caused oviposition deterrence and inhibits hatching of eggs in potato tuber moth, Phthorimaea operculella (Shelkeet al., 1987) . Jatropha oil when mixed with artificial diet inhibited growth of tobacco hornworm, Manduca sexta larvae (Sauerweinet al., 1993) .
The nymphal mortality was dose dependent and the effect of J. curcas oil did not manifest itself immediately after contact but occurred slowly within a week from the exposure. The 20% concentration proved to be toxic to S. gregaria. These results are in conformity with the work of Ogunleye, et.al (2010) . According to their findings, the effects of jatropha oil on Sitophilus zeamais when applied at rate of 0.1ml and 0.2ml doses, after 12 hours of application produced mortality ranged from 50% -100% and 60%-100% respectively and cause 70% mortality for the application doses of 0.3ml and 0.4ml after 12 hrs. and reached 100% after 24 hr. Boateng and Kusi (2008) showed that the susceptibility of Jatropha seed oil to C. maculatus was highly toxic after72-hour exposure at all dosage (0.5, 1.0, 1.5 and 2.0 ml).
Probit analysis showed that Jatropha oil was more effective against desert locust as indicated by the low values of LD 90 and LD 50 . The small value of Chisquire indicated accurate execution of experiments. The slopes were steep indicated homogenous population. Increase in concentrations increase the slope of regression line and caused progressive improvement of homogeneity.
Large number of published work concerning the effect of Jatropha oil on insects has not discussed the mechanism of action on the various insects studied. However, Jing et al. (2005) reported that Jatropherol-1, a diterpene, in vitro activated PKC of silkworm midgut cell (4.99-fold higher than that of control at 100μg/ml). He suggested that PKC was an important intracellular target of jatropherol-1 in insects, interfering with normal message transfer system in the mid-gut cell and producing a sequence of physiological/biochemical turbulence and finally resulting in death of the insect. Singh and Sushilkumar (2008) reported a maximum wood protection of 60 days against Microcerotermes beesoni by using 20% jatropha oil. This persistency can be exploited for barrier treatment against hopper bands of the desert locust. The Jatropha oil can also be integrated with the pheromone phenylacetonitrile (PAN) for the integrated management of desert locust particularly in recession and before plague formation. However, field studies on evaluation of Jatropha toxicity to beneficial and non-target organisms are needed.
